Introduction
Many South Africans, even poor ones, have a high body mass (Case and Deaton 2005) . This has led to an increase in the prevalence of hypertension and strokes in contexts where one might not have expected to see this (Kahn and Tollman 1999) . Understanding some of the correlates of high body mass would therefore be useful. Indeed the rapid increase in obesity around the world has become the focus of attention not only of health researchers. Increasing numbers of economists have also started to explore the economic correlates of the increase in body weight. In US based studies (e.g. Chou, Grossman and Saffer 2002) a negative relationship between income and obesity has been observed. On the other hand it seems clear that across countries obesity is positively correlated with income. This suggests that the relationship may be non-monotonic: increasing with income at low levels, but decreasing at higher levels.
South Africa offers an interesting setting for studying some of the these effects. Firstly it has high levels of inequality. This means that there is a section of the population (largely the White sub-population) that has incomes and standards of living comparable to those found in developed societies. Within the Black South African majority there is also a wide range of incomes which will give us some power to analyse these relationships. Secondly, obesity is becoming a demonstrable problem, even in communities in which poverty seems to be widespread.
In this paper we will be concerned with two substantive issues. Firstly we will show that among Black South Africans body mass increases more or less monotonically with income. Furthermore it seems that body mass also increases with education and employment. This is consistent with the idea that more successful individuals have greater weight. Indeed we will show that Black South Africans seem to aspire to greater body weight even in ranges where they would be classified as overweight. The picture for White South Africans, however, is quite different, with high income individuals more likely to be of lower body weight.
Secondly, we will show that there is a strong gender component to these relationships. Black women acquire body weight at a more rapid rate with increases in income than do their men. White women, on the other hand, shed it more aggressively. These "stylised facts" suggest that the images that these women have of themselves and that, perhaps, their partners have of them, are also implicated in the patterns that we observe.
In order to make these points we will also be concerned with a methodological issue. There are three publicly available data sets which have anthropometric information. Two of these are relatively small surveys that also have good socio-economic information. The third is the Demographic and Health Survey which only has asset information. A considerable part of this paper will be devoted to examining how good an estimate one can get from such asset proxies. We will show that on the whole the assets perform reasonably well -but that once one allows for the facts that assets may have independent effects on the outcome of 2 Examining the growth in obesity A number of authors have tried to explain the increase in obesity observed internationally. Popkin (1999) has argued that urbanisation has led to changes in diets and activity patterns which are implicated in the rise of body mass. Of course this does not explain why urban people should be consuming a different diet. Chou et al. (2002) have suggested that changes in the operative prices -and in particular the opportunity costs of time spent cooking at home -are sufficient to explain increases in the rate of consumption of take-out foods and hence obesity. Cutler, Glaeser and Shapiro (2003) argue that it is technological changes in the way food is prepared, allowing it to be accessed within the home much more quickly, that are the causal factor. Philipson and Posner (1999) and Lakdawalla and Philipson (2002) argue that it is technological changes in the workplace which are to blame. In the past individuals had to expend considerable calories in order to obtain their food. Modern machinery has meant that the caloric costs of acquiring food have come down rapidly.
We will not be able to adjudicate between these explanations. In the process of looking at the correlates of high body mass we will be able to show that a number of these explanations are probably correct. For instance, access to a refrigerator seems to matter for body weight among women. Car ownership is unequivocally associated with increases in body weight, in line with the Lakdawalla and Philipson (2002) argument about the energy budgets of modern individuals. Passive forms of leisure (such as television) also seem to make a difference. Some of these effects are fairly small, however, and need a large data set for a proper analysis. The problem is that the available data set, the Demographic and Health Survey, does not have the necessary economic data.
An influential paper by Filmer and Pritchett (2001) suggested that the lack of socio-economic information in the Demographic and Health Surveys could be mitigated by constructing an asset index. They suggested that one should use the first principal component of the available asset variables. This procedure provides that linear combination of the asset variables which explains the greatest proportion of their joint variance. It is natural to think of this as extracting an index of affluence -hence the title of their paper "Estimating wealth effects without expenditure data -or tears". We will be yet more audacious and claim that we are able to estimate a lower bound on the effect of expenditure, without expenditure data! The Filmer and Pritchett approach has been criticised by Lubotsky and Wittenberg (forthcoming) , who argue that the first principal component is also likely to extract joint noise. Instead they suggest that one should add the asset variables in separately and then aggregate the coefficients up later. In particular they show that if the structural model is given by
where x * is the unobserved latent variable and x 1 , . . . , x k are asset variables that are observed, then if b
is the vector of OLS coefficients in the multiple regression that includes all the proxies, the estimator
will provide an attenuated estimate of β, but one that has lower attenuation bias than any other linear combination of the proxy variables that is rescaled appropriately. They show that ρ i can be consistently estimated as
It is necessary, however, to normalise on one of the proxies and they do so by setting ρ 1 = 1. In our context we will achieve this normalisation by projecting x 1 on x * in a national data set where we do observe both, i.e. we will estimate
and then use 1 δ2 x 1 as our rescaled version of the proxy. A limitation of the Lubotsky-Wittenberg (LW) procedure is that it is not explicit about how to proceed if there are covariates in the model. They appeal to the Frisch-Waugh-Lovell theorem to argue that the result holds if the effect of the covariates has been stripped out, i.e. if equation 1 is the relationship between the residuals once y and x * have been projected onto the covariates. Indeed the model implicitly assumes that all variables are written in deviations from their mean, i.e. have been projected on to a column of ones.
In a recent paper Wittenberg (2005b) has argued that one can do considerably better. Consider the model
where Z is a vector of covariates. He assumes that Z 0 x * is non-zero, but Z 0 U = 0 where U is the vector of measurement errors given in equations 2 to 4. If we rewrite equation 4 as
it is clear that it can be consistently estimated by GMM techniques, using the moment conditions Z 0 U = 0 and y 0 U = 0. This amounts to estimating the relationship between x k and x 1 by instrumental variables, using Z and y as instruments for x 1 . Indeed inspecting equation 5 it is evident that that is precisely what the original Lubotsky-Wittenberg procedure does. In the presence of covariates, however, the relationship may be overidentified and we can estimate ρ more efficiently. Furthermore we can use a test of the overidentifying restrictions to test whether the assumptions of the model hold. This is a test of the validity of the assumptions for the k−th proxy. By stacking the (k − 1) equations for ρ 2 , . . . , ρ k we can estimate the vector ρ = £ 1 ρ 2 . . . ρ k ¤ 0 as a system. Correspondingly there is a systems version of the overidentification test.
Wittenberg notes that the test can fail for many reasons:
• A correlation between ε and any of the u i terms. In this case y would cease to be an appropriate instrument. This implies that the proxy variable x i is proxying not only for the latent variable x, but should be in the main regression. The appropriate "fix" for this is to run the regression with x i as a regressor in its own right.
• A correlation between any of the z j variables used as instruments and any of the u i terms. In this case we can "rescue" the model by removing z j from the list of instruments. However, the relationship between z j and u i means that the coefficient on z j has to be corrected, since the proxy variable will be picking up part of its effect.
• A misspecification of any of the proxy variable equations
• A misspecification of the main regression 3 However any of these would be reasons for being sceptical about the validity of the LW estimation procedure. Indeed, most of these would call into question any attempt to estimate the same regression using asset proxies. The specification test is therefore likely to be of more general interest.
In the empirical part of this paper we will devote considerable attention to validating the use of proxy variables in the context of estimating the relationships between BMI and expenditure. In particular we intend to show that:
• The FP asset index works well in proxying for expenditure, although the magnitude of the coefficient is not a reliable guide to the magnitude of the expenditure effect.
• The LW procedure does seem to provide lower bounds on the expenditure effects, although in some cases the attenuation seems large.
• The specification tests seem to work as intended and seem to reveal meaningful relationships that might otherwise not have occurred to the researcher.
Exploring BMI on three data sets
The focus of our empirical work is on the Body Mass Index. This is defined as the weight of the individual (in kilograms) divided by the height (in metres) squared. For the purposes of our analyses we only use individuals aged twenty and older, because the growth charts produced by the US National Centre for Health Statistics suggest that some individuals (particularly at the top end of the distribution) are still growing up to this age. With height basically fixed at age twenty changes in BMI are reflections mainly of changes in weight. We will be using three data sets: The Langeberg Survey, KwaZulu-Natal Income Dynamics Study (KIDS) wave 2, and the 1998 Demographic and Health Survey (DHS). The latter two surveys were carried out in 1998 while fieldwork for the first was conducted in the second part of 1999. Our analyses should therefore be providing us a set of snapshots of South Africa in 1998/99.
Each data set has its own peculiar strengths and weaknesses. By looking across all three data sets we will be able to get a unique perspective on these strenghts and weaknesses. We will also be able to get a better feel for how robust and reliable our results are likely to be.
All of the surveys used some form of disproportional sampling. Nevertheless we report in all cases the unweighted estimates. In none of the cases that we have analysed did the weights change the results noticeably. We have chosen to report the unweighted results, because the published weights (particularly in the case of the DHS) looked somewhat odd. The results reported below should therefore be interpreted, in the first instance, as being applicable to the individuals sampled. Since the weighted results look basically the same, we are confident that the results also hold true more generally.
The Langeberg Survey (SAIHS)
The "South African Integrated Household Study" was conducted by a team of researchers from inter alia the University of Cape Town, University of the Western Cape, Princeton University and Harvard. The survey was coordinated by the South African Labour and Development Research Unit (SALDRU) at the University of Cape Town. The survey was run in three Magisterial Districts (Mossel Bay, Heidelberg and Riversdal) in the Western Cape province, which collectively make up the Langeberg health district. Altogether 294 households were interviewed with a range of instruments: detailed modules on household socio-economic information, individual information and health related information, including anthropometric data. A distinctive feature of the study design (which we will not exploit in these analyses) was that all adult members of the household were separately interviewed.
The Langeberg district is more urbanised than South Africa as a whole. Furthermore its demographic make-up is quite different. In terms of the old apartheid classifications, Black South Africans are in a minority (at 14%), with the bulk of the population classified as "Coloured" (SAIHS 2001) . In order to get an adequate sample size, we pooled Coloureds and Black South Africans. Table 1 , we have 561 individuals in our overall estimation sample, i.e. adults aged 20 above with complete information on all of the variables used in the regressions. Of these 457 were Black and Coloured. The Black sub-sample was 176.
As shown in
The summary statistics in Table 1 show that the average body mass index in this sample is in the overweight category. Indeed half of the sample is overweight (i.e.with a BMI in excess of 25) while around a quarter is obese (BMI of 30 or above). Black and Coloured women in particular are very heavy, with around a third being obese.
KIDS 1998
The KwaZulu-Natal Income Dynamics Survey (KIDS) was a re-survey of the Black and Indian sub-samples from the KwaZulu-Natal province of the 1993 Project for Statistics on Living Standards and Development (PSLSD), otherwise known as the 1993 SALDRU survey. The PSLSD was a national survey based on the model of the World Bank Living Standards Measurement Surveys. The survey instrument consisted of a variety of modules, such as Expenditures, Incomes, Labour Market status as well as anthropometrics. Since the 1993 survey was not designed as a panel, the re-survey had to confront the problem of how to track individuals and households. The decision was made to follow "core" household members only. These were the Head of Household or spouse or any adult members present in 1993. The 1998 survey can therefore not be interpreted easily as being representative of the Black and Indian population of KwaZulu-Natal province.
There are some other issues around representativeness. The original 1993 survey only measured children of six years and younger. The 1998 re-survey also measured some of the adults. As shown in Table 2 , however, the coverage of the adults was highly incomplete. Less than a third of the adults in the sample have usable anthropometric information. Nevertheless the total sample size with anthropometrics is larger than in the case of the Langeberg Survey. A comparison of the summary statistics for the sample as a whole and the estimation sample (in Table 2 ) suggests that the indviduals in the estimation sample are notably older (a mean age of 48 when compared to 39), have less education and are less likely to be employed (38% versus 50%).
From Table 1 it is also apparent that the individuals in the KIDS sample are noticeably heavier than the ones captured in the Langeberg Survey and the DHS. Indeed fully 70% of the sample is overweight, while around half of the Black women were obese.
The 1998 DHS
The Demographic and Health Survey follows the template of other DHSs, i.e. it has detailed modules on child bearing, contraception and attitudes to family planning. The instrument that we will be analysing is the Adult Health Questionnaire which has information on health seeking behaviour, clinical conditions, occupational health, health-related habits as well as anthropometrics. Its socio-economic information, by contrast, is rudimentary to say the least. In particular there is no information about incomes or expenditures. There is, however, information about assets in the household questionnaire. This allows us to construct an "asset index" (labelled asset1 in Table 1 ) as advocated by Filmer and Pritchett (2001) . We will comment on the validity of this procedure in more depth below.
The other variable that is poorly measured is labour market status. The household roster contains one question whether the individual worked for pay in the last seven days. The adult health module has a question (in the occupational health section) asking "In the last 12 months, have you worked for payment?" There is no additional information that might enable one to determine whether an individual is unemployed or not economically active, or indeed whether an individual might be employed informally or seasonally. We have chosen to work with the looser (i.e. 12 month) definition of employment, to capture any casual or seasonal workers.
The chief strength of the DHS is its sample size. As shown in Table 1 the usable sample is an order of magnitude greater than in the case of the KIDS or the Langeberg survey. Consequently this sample provides a lot more power in investigating the relationships between the "economic" variables (such as the asset index) and body mass. This is also the only sample which allows us to investigate body mass on a non-black subsample. The White sub-sample is of particular interest, since this segment of the population has been historically privileged and enjoys on the whole much higher living standards than the majority. As shown in Table 1 , the usable White sub-sample of the DHS is 915 individuals which is double the size of the Black and Coloured subsample of Langeberg and only 25% smaller than the Black subsample of KIDS.
Comparing the data sets
The summary statistics in Table 1 provide an interesting view on the comparability of the data sets. It is striking that the Langeberg Survey and the DHS have similar mean BMI figures, obesity and overweight rates for the entire sample as well as the Black subsamples. Furthermore the age profiles and household sizes are also very similar. The Langeberg area shows lower levels of education, but higher levels of employment, which is consistent with the fact that it is a relatively urbanised population but in a non-metropolitan setting. The rural parts of the Langeberg district are commercial farms which have relatively high employment levels. The typical rural areas in the rest of South Africa are the ex-homeland areas which have quite low employment levels.
The KIDS data set is markedly different, both in the BMI values as well as in the household sizes. While the average age in the KIDS sample as a whole is comparable to the average ages recorded for the Langeberg and DHS estimation samples, the individuals with usable BMIs in the KIDS sample are around ten years older. Interestingly enough, the log expenditures values in the KIDS data set are comparable to those in the Langeberg survey. However while the Langeberg survey shows a considerable mismatch between the income and expenditure figures, this is not the case in the KIDS survey. Since we used the household aggregates calculated by the relevant research teams, instead of estimating these de novo, this may be due to differences in the imputation processes used in the two surveys.
The peculiar nature of the body mass information provided in the KIDS data set is confirmed by Figure  1 . It is again interesting to note how similar the Langeberg and DHS BMI data is. The KIDS distributions, by contrast, are right-shifted in the case of both the Black men and women. All surveys agree, however, that there is a clear difference between Black men and women, with the latter being much heavier than the former. A quite different picture is provided by the White subsample. Figure 2 indicates that the mode of the BMI distribution for White men is higher than that for the women. The upper tail of the women's distribution extends beyond that of the men's, so that the mean BMI for White women lies just above that for the men. In summary, while White women are lighter than Black women, White men are considerably heavier than the Black ones in the DHS.
Some correlates of Body Mass
The series of local polynomial regressions shown in figure 3 provide a useful starting point for exploring the relationship between body mass and economic factors. Several features of these graphs invite comment. Firstly, the relationship between body mass and total (log) household expenditure or assets seems almost linear, particularly among Black South Africans. Indeed there seems little evidence in these graphs as yet to suggest that there may be any turning point in the relationship between body mass and income.
Secondly, the expenditure and asset graphs provide broadly consistent results. In the KIDS data set the asset index suggests a flattening or turning point in the relationship among wealthy individuals. This is not nearly so evident in the expenditure based graphs. This is an important point that we will return to later in the discussion.
Thirdly, the Langeberg and DHS data sets again provide remarkably congruent results. One should note that the asset indices were constructed separately for each data set, so that they provide consistent internal rankings, but there is no a priori reason to believe that they should be comparable across data sets. The KIDS results are again shifted upwards.
The picture of a monotonic relationship between body mass and economic resources is tempered by the results shown in figure 4. Here we have plotted the nonparametric regression functions for Black and White individuals in the DHS from the fifth to the 95th percentile of each subpopulation's asset distribution 1 . The privileged positions of Whites is underscored by the fact that the fifth percentile is far along the distribution of the Black group. Figure 4 suggests that despite many historical differences, body mass among Black and White South Africans may very well be determined in similar kinds of ways. It is tempting to splice the two regression functions together and conclude that body mass may reach a turning point at high incomes. Of course, as the KIDS graphs show, the asset index and direct measures of economic well-being are not exactly the same thing. It may be the case that the asset index is not able to differentiate sufficiently between more and less wealthy White individuals. Figure 5 highlights a different set of issues. The graphs show that body mass increases steeply with age, reaching a maximum around age fifty and then slowly decreasing from there. These graphs cannot tell us whether the profiles are purely a function of aging (and mortality), or whether there are cohort effects mixed in with them. If it is true that obesity is at least partially a function of childhood nutrition, it may be the case that young cohorts will have lower (or higher) BMIs over their life-cycles than older cohorts.
The Figure also suggests that the differences between KIDS and the other two data sets are not purely a function of the fact that the KIDS sample is older. Indeed it looks as though the BMI figures are about two units higher at every age than the DHS figures.
Finally the graphs confirm the weight "rankings" noted earlier. At every age Black women seem heavier than White men and women, who in turn are heavier than Black men.
These bivariate comparisons are very useful indicators of the underlying relationships, but in order to probe the relationships further, we require multivariate techniques. In particular we want to look at the relationship between BMI and economic variables, controlling for confounding effects such as age and gender. The data set that will give us maximum power in this regard is the DHS, but in order to use regression techniques on this data set we need to be certain that the asset index is a reliable proxy for household income or expenditure. We turn now to consider this question in some details.
4 Validating the use of asset proxies 4.1 The performance of asset proxies in the Langeberg survey
The Langeberg and the KIDS data sets have expenditure, income and asset information. We can therefore explore how well the asset proxies perform. Table 3 provides an initial assessment for the Langeberg survey. In column one we have regressed BMI on log total household expenditure, including some controls for household composition and personal characteristics. The coefficient on expenditure suggests that a one standard deviation increase in log expenditure (i.e. a 0.87 unit increase) will increase BMI by 1.35 units. At the average height of 1.62m (5 ft 3 inches) this amounts to an increase in weight of 3.5kg (7.7lbs). This is a significant increase, both statistically and materially.
A number of the other coefficients are also interesting. The large "female" coefficient should not come as a surprise, given the distributions shown earlier. At the average height this would suggest that women are 9.2kg (20lbs) heavier than the corresponding men. Black individuals are on average heavier than Whites and Coloureds. The quadratic in age suggests a peak at age 51, which agrees well with the nonparametric regressions shown in Figure 5 .
In column 2 we have used the Filmer and Pritchett (2001) asset index, i.e. we have extracted the first principal component from a range of asset variables. Two features stand out in this column. The first is that the coefficient on the asset proxy is even larger than that on the log expenditure variable. A one standard deviation increase in the asset index would lead to a 5.6kg increase (12lbs). This is surprising since we would have expected the coefficient to be suffering from attenuation bias. One obvious explanation is that the distribution underlying the asset index is not equivalent to that of the expenditure variable, i.e. there is no reason to suppose that a standard deviation increase in the index is equivalent to a standard deviation increase in income or expenditure. Another clue is provided at the base of the column where it appears that the regression with the asset index fits better than the one with log expenditure! We will come back to this issue below.
The second point to note is that the coefficients on the other covariates in the regression are remarkably similar. Use of the asset index does not qualitatively distort the conclusions that we would draw from the regressions. This is reassuring.
In column 3 we provide the comparison with the log of household income. As Table 1 shows, there are a substantial number of individuals (22%) that live in households that reported zero income. In order not to lose these from the sample, we set these incomes at R1 and included a separate dummy variable for this category. The large coefficient on the dummy suggests that individuals that live in these households are better off than their zero income would suggest -at least when measured in terms of their girth! Interestingly enough the coefficient on the log of income is almost 40% smaller than the coefficient on log expenditure. The most plausible explanation is that log income is a more noisy measure of the real resources available to the individual. Indeed it is often assumed that income is more poorly measured in household surveys in developing countries than expenditure (Deaton 1997) . The summary statistics in Table 1 would tend to support that view.
Lubotsky and Wittenberg (forthcoming) have recently argued that it is preferable to include all the proxies separately in the regression and aggregate the coefficients afterwards. In columns 4 to 6 we implement versions of that approach. In column 4 we have included all the asset proxies separately. It is evident that the explanatory power of the regression goes up and that a number of the assets seem individually significant. This need not be evidence of the fact that these variables belong in the main regression, since they may only be capturing the impact of the omitted expenditure variable. We will show below that some of the proxies do, in fact, have independent effects.
In order to implement the Lubotsky-Wittenberg (LW) procedure we need to standardise our estimates on one of the proxy variables. We have chosen telephone ownership for a number of reasons. Firstly, the bivariate correlation between telephone ownership and BMI is fairly strong. Secondly it is harder to imagine a direct impact of telephone ownership on BMI than would be the case with some of the other variables, such as television or car ownership. In order to make the coefficients directly comparable to the expenditure coefficients in column 1, we have rescaled the telephone variable, i.e. we projected telephone ownership on expenditure as
and then rescaled the telephone variable as 1 b 2 telephone. A regression in which we used only this rescaled asset proxy is given in column 5. Astonishingly this proxy performs reasonably. The coefficient shows "only" 42% attenuation.
In column 6 we aggregate up the coefficients as suggested by LW 2 . The estimated coefficient of 1.617 is remarkably close to the true coefficient of 1.554. The fact that it is larger than the "true" coefficient is troubling, however. If the assets are only proxying for income/expenditure, then the coefficient ought to have been attenuated downwards. Congruent with the LW theory, however, we note that the addition of the other asset proxies substantially increases the coefficient from that given in column 5. Indeed LW provide a procedure by which the coefficients on any other linear combination of the asset proxies can be compared with the LW estimator. The coefficient corresponding to the Filmer-Pritchett (FP) asset index is given in the last line of column 2. It suggests that adding in all the proxies separately manages to extract an appreciably stronger signal.
In summary the FP asset index does a good job of proxying for expenditure in this particular regression. The estimated coefficient, however, is biased in an unknown direction (in this case, upward) and when it is converted into a coefficient where the direction of bias can be more accurately assessed, it is more attenuated than the LW estimator. The LW estimator by contrast works better than it should! We might be content to leave things here. However, we show at the bottom of column 6 in Table 3 that the Wittenberg (2005b) omnibus specification test soundly rejects the validity of the model. Indeed the test can be applied to individual asset proxies and these tests suggest that several variables such as television and car ownership do not function as simple proxies for the same omitted variable.
In Table 4 column 1 we provide a regression that does pass the Wittenberg (2005b) specification test. Note that these estimates are still based on the regression given in column 4 of Table 3 . We have simply allowed some proxies to have independent effects, then reaggregated the coefficients of the remaining proxies. We have also allowed for some of the covariates to be correlated with the proxies, which requires us to correct their coefficients as well. The regression suggests that access to electricity has a sizable and significant impact on body mass. For an individual with the mean height (1.62m) the presence of electricity would increase weight on average by 4.6 kg (10lbs). The presence of television would add an additional 6kg (13lbs). The coefficient on car ownership, while not statistically significant, implies an increase in weight of 2.3kg (5.2lbs).
2 To be precise we use the more efficient version of the aggregation process described in Wittenberg (2005b).
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The estimated coefficient for the latent variable is now half of its previous size. Nevertheless it still has a meaningful impact. Moving from the 25th to the 75th percentile of the income distribution (a change of one unit in log expenditures) would increase average body mass by 1,9 kg (4lbs).
The second column of Table 4 confirms that the specification picked out by the test is, indeed, a sensible one. In this column we re-run the first regression, but this time with the measured log expenditure variable. The regression coefficients are very similar to those in the first column. Indeed the conventional t-tests on the coefficients suggest strongly that electricity and television do, indeed, belong in this regression. Furthermore the "true" coefficient on log expenditure is only 15% higher, suggesting that the LW procedure does an excellent job in this particular case. The direction of the bias is also in line with the a priori expectations.
The final column estimates the same regression, but using the FP asset proxy. As before the proxy overestimates the coefficient. In addition the impact of the assets in the main regression is more noticeably underestimated. The reason for this is, of course, that these asset variables are already embedded in the proxy.
Several lessons flow from these analyses. Firstly it is evident that asset proxies such as the FP proxy can do a good job in capturing the impact of expenditure. The main limitation of the FP proxy is that the direction of bias is uncertain and that some of the assets might belong in the main regression. Secondly, the Wittenberg (2005b) specification test performs quite well in picking out sensible regressions.
The asset proxies in the KIDS survey
A contrasting picture is given by the KIDS survey, as shown in Tables 5 and 6. In Table 5 , column 1, we observe that the coefficient on log expenditure is similar in the KIDS survey to the Langeberg survey (1.31 as against 1.55). The FP asset proxy (column 2) in this case, however, underestimates the true coefficient, if the expenditure coefficient is taken to be the appropriate benchmark. The theoretically most efficient proxy, i.e. the LW proxy, shows massive attrition. It only manages to capture one quarter of the true effect. The estimated coefficient implies a change in weight of 0.9kg (2lbs) for an adult of average height. As shown by the specification test at the foot of column 6 in Table 5 , in this case too there is strong evidence that a number of the assets belong in the main regression. Table 6 shows that ownership of a refrigerator and ownership of a television seem to have strong independent effects on body mass, even if log expenditure is included. The coefficient on car ownership, although not statistically significant, is still sizable. Indeed the size of this coefficient is similar to that given in Table  4 . Once these assets are included in the main regression, the FP asset proxy does not add much. The estimate produced by the LW proxy in this case is larger in magnitude than that of the FP proxy, but is only one eighth of the expenditure coefficient. Nevertheless the specification test in this case still rejects the hypothesis that the remaining assets (furniture, jewellery, telephone, electrical appliances, cattle and sheep ownership) could all be proxying for the same omitted variable. The problem seems to be that these proxies only contain noise once the effects of the other assets and the location variables have been accounted for.
It is clear that in this case the asset proxies are not as successful in capturing variation in affluence as they were in the Langeberg survey. Part of the reason may be that the sample is odd. We have noted that the KIDS sample does seem to be skewed when compared to the other data sets. Interestingly, however, the simple correlation coefficients between the FP asset index and log expenditure are almost identical in the two surveys: .59 in the case of Langeberg and .62 in the case of KIDS.
Before moving off the regressions in Tables 5 and 6 , it is useful to note that the poorer performance of the asset proxies did not lead to major distortions on the other coefficients in the models. Some of these coefficients are interesting. We observe that body mass increases in this sample with the number of children, the opposite of the effect in the Langeberg survey. The coefficient can be explained if children do many of the chores, allowing the adults to lead a more sedentary life. Otherwise one might have assumed that increases in household size would tend to reduce the resources available and so reduce body weight. The location coefficients are large, suggesting that urban living is associated with increases in body weight. It should be noted that the inclusion of these variables is not the reason why the asset proxies performed so poorly. Regressions without these variables led to only small increases in the coefficients of the asset proxies. 
The internal validity of the asset proxies in the DHS
The evidence from the Langeberg survey and KIDS give us reasonable confidence that the first principal component from a set of asset variables will not give a distorted picture of the correlates of BMI. One additional piece of evidence which increases our confidence in the validity of our asset index is given by the graphs in Figure 6 . At high levels of the asset index hunger occurs almost never, whereas at low levels it tends to be present some times or often.
Analysing Body Mass in the DHS

Racial and gender differences
In our analyses thus far we have pooled different population groups, and men and women. This is not unique to us. For instance Chou et al. (2002) do the same. Table 7 , however, shows that this may distort the underlying relationships. Many of the key relationships flip signs if one runs separate regressions for Blacks and Whites. In particular the asset proxy switches from being positive to negative. A test of the hypothesis that the two subsamples can be pooled is decisively rejected 3 . Figure 4 should alert us, however, to the possibility that the relationship might be non-monotonic across the entire distribution. Interestingly enough the data accept the hypothesis that there may be common quadratic in the FP asset proxy across the White and Black subsamples. This quadratic is estimated to reach a turning point at 1.45 of the FP asset distribution. This agrees remarkably well with the turning points suggested by the non-parametric regressions. This point would, however, be at the 97th percentile of the Black FP asset distribution! Even allowing for a quadratic in assets, the regressions are still statistically very different. In particular the differences in the gender coefficients and the employment coefficient do not disappear. It seems clear that it is preferable to run separate regressions for each population group.
Looking at the regression for Black South Africans, the "expenditure effect" of 0.754 estimated in column 3 is substantial. It suggests that a one unit change in log expenditure would lead to an increase in average weight of 2 kg (4.4lbs) for individuals of average height. This is a lower bound. The employment coefficient is interesting also. It suggests that employed individuals are on average somewhat heavier than non-employed or unemployed ones. Since we are controlling for total household resources, this may reflect either that employed people have a higher claim on those expenditures or (equivalently) that they do not perfectly pool resources. They may, for instance, pay for meals taken outside the house. This positive coefficient certainly suggests that employed people are better off than non-employed ones.
The positive coefficients on education might be interpreted in similar ways: individuals with more education seem to have more "weight" within the household. The difference between a person with a school-leaving qualification (12 years) and an individual with no education is more than one BMI unit which translates to around 3kg (6.6lbs) at the average height.
The regressions for White South Africans seem very different, with education, income and employment all serving to reduce body weight. This is more consistent with the US pattern, where obesity is seen often seen as a problem of poverty. Table 8 shows, however, that it is also problematic to pool men and women within each of these racial groups. Tests of the pooling hypothesis are decisively rejected for each of the two race groups. In the case of Black South Africans pooling is rejected for two reasons: Firstly, the quadratic in age is quite different. The curvature of the profile for women is much greater than it is for men. This can be seen in the nonparametric regressions in Figure 5 also. Body mass seems to increase much more rapidly with age among Black women than among Black men and then tends to fall off again at a later age. Secondly, the relationship between body mass and economic resources (as proxied by the assets) is stronger. Allowing for a quadratic in the FP asset index does not change this result.
In the case of White South Africans the intercept and the coefficient on education are significantly different at the 5% level, while the difference in the coefficients on the FP asset proxy with a t-value of 1.93 is almost significant. The age profile, however, is practically identical -a result that is consistent with the 3 All tests of the pooling hypotheses were conducted using the first principal component asset index.
10 nonparametric regressions. This is interesting since it suggests that the difference in the rate at which Black women acquire body mass cannot be simply based on the difference between oestrogen and testosterone. If it is biological it must be some other factor. Several socio-economic explanations, however, come to mind. In Figure 7 we show the proportion of individuals that classified themselves as "underweight" or "overweight" as a function of BMI. There are several striking trends in graphs. Firstly, White women are much quicker to classify themselves as "overweight" than any other group in the sample. Secondly, from the point onwards where medical people classify individuals as overweight (i.e. with a BMI in excess of 25) many Black women and men still regard themselves as underweight. Indeed even at a BMI of 40 around 8% of Black women still regard themselves as underweight. Only around a half of all Black women with this BMI regard themselves as overweight.
It seems clear that body mass functions quite differently in the preference functions of White women, Black women, White men and Black men. It seems as though greater weight is preferred among Black women and relatively low weight among White women. Income among Black women seems to be invested in acquiring more of it, while White women invest to get rid of it!
Nonlinearities in the impact of assets
This perspective also qualifies our observation that there may be a common non-monotonic relationship between expenditure and body mass, as exemplified in Figure 4 . Women at the low end of the spectrum (i.e. Black women) seem to be acquiring body mass at a rate faster than suggested by that picture, but then (in the case of White women) losing it more rapidly at the high end of the spectrum. Black men, by contrast put it on more slowly, while white men seem to lose it more slowly. This is shown in the nonparametric regressions in Figure 8 . If we estimate the relationship between body mass and the asset proxy with a quadratic relationship (as in Table 9 ), the picture is broadly confirmed. In the case of Black women the relationship seems concave: body mass increasing rapidly at the lower levels and then flattening out as it nears the tail end of the distribution. The estimated turning point is at the 94th percentile of the distribution for African women, which means that the slope of the graph is still essentially flat at the point where the distribution ends. In the case of the men, the parametric estimates suggest an accelerating relationship, i.e. the relationship is flat at low levels of the asset index and then increases more rapidly towards the top end of the asset distribution.
If this is an accurate reflection, it would have very interesting implications, suggesting that in poorer Black households it is the women who initially gain weight with an increase in affluence, while the men gain relatively more once the household is somewhat better off.
The case of White South Africans is quite different. White women seem to start off with a body mass in excess of white men, but lose weight over the entire asset distribution. White men, by contrast are the only subsample where there seems to be a genuine turning point. At relatively low levels of income body mass increases. It reaches its maximum about half way along the White male asset distribution and then decreases again.
We need to add one important caveat at this stage. The case of the KIDS graphs in Figure 3 shows that nonlinearities in the relationships with the asset variables may not be reflective of nonlinearities in the relationship with expenditure. Our validation exercise above, only examined linear specifications. The nonlinearities that the nonparametric regressions in Figure 8 and the parametric regressions in Table 9 suggest may be due more to an inability of the asset index to truly capture differences at the high end of the expenditure distribution.
We take two points away from these analyses. Firstly, for most of the subsamples the relationships seem monotonic. A linear specification should therefore not distort the underlying relationships badly. Secondly, there may be trade-offs within the overall household budget constraints about weight accumulation by men and women. For instance, it may be the case that low income men receive utility from having a well-rounded wife which results in relatively more rapid body mass increases for women at low incomes. To conclusively track these tradeoffs will, however, require better data than we currently have. Our proxy variables do a competent job in highlighting the big picture. To explore these nuances would require more accurate economic measures. In particular, the LW framework does not easily lend itself to estimating a non-linear relationship.
Testing the validity of the model
The results of the specification tests given at the foot of the "LW" columns in Tables 7 and 8 should give pause for thought. All of those estimations are roundly rejected by the test. This is hardly surprising, because some of the covariates (such as employment status and education level) may be correlated with the asset proxies directly, not just through the latent variable household expenditure. Furthermore our validation exercises should have alerted us to the fact that a number of the asset proxies are likely to have independent impacts on body mass. Lastly there are some asset variables (such as computer ownership among Black South Africans) that have such a low incidence that it is unclear what precisely they will capture. Table 10 provides an attempt to assess whether the assets are, in fact, just proxying for expenditure or income in the case of Black South Africans. In the first column we have kept the same specification as in the previous tables, but allowed employment and education to be correlated with the asset variables. The specification test is not impressed with this maneouvre, so we allow some of the proxies to have independent effects. We were guided in their selection by the specification tests for the individual proxy equtions. In the case of Black men the tests suggest that car, bicycle and television ownership as well as holdings of sheep and cattle are not simply proxying for total income or expenditure in the regression. The regression reported in column 2, in which these are entered as separate regressors is, however, accepted. The coefficient on car ownership is large and statistically highly significant. It suggests that car owners of average height are 2.7 kg (almost 6lbs) heavier than individuals without cars. The other coefficients are more modest and statistically not significant, but have signs that seem sensible. Cattle and sheep ownership may be a sign of more traditional values which may in turn be related to the power of the male within the household.
The estimated lower bound on the direct "expenditure effect" in this regression is 0.375 which would translate to around 1kg difference (2.2 lbs) for a one unit increase in log expenditure. The employment effect is larger than this in absolute size, as is the difference that twelve years of education make.
In the case of Black women this specification is still soundly rejected, as shown by the test in column 3. In the case of women access to electricity and to a refrigerator seem to matter in ways that do not proxy for a simple expenditure effect. It is plausible that electricity might be important -collection of fire wood has generally been women's work and access to labour saving devices may also reduce the direct physical labour that they have to perform. Refrigerator ownership may capture the greater accessibility of ready-to-eat food. Of course this begs the question why this accessibility should have a gender-specific impact.
Interestingly, television ownership seems to have a much larger impact on the weight of women than on the weight of men also. This may reflect differences in the way in which television is utilised. For instance it may be the case that lack of security outside their homes induces women to spend more of their leisure time within the confines of their homes. South Africa's time use survey, for instance, shows that girls spend less of their afternoons socialising outside of the home and more of it in front of the television when compared to boys (Wittenberg 2005a).
The specification in column 4, which is accepted by the test, has stripped out much of the substance from the asset proxy. Only four asset variables are combined in that proxy! This accounts in part also for the much reduced size of the coefficient. Of course one might argue that the television, car and electricity effects are, of course, income effects too -even if the mechanism operates not through the greater availability of calories but through the reduction in the activity levels.
Taken as a whole, the results provided in Table 10 provide some perspective on the nonlinearities explored in the previous section. It is quite plausible that the assets that are acquired first by the poorest households (such as electricity and a television) have a greater impact on the weight of the women while those that are added later (such as a car) also move those of the men.
Feedback effects
Throughout this discussion we have used expenditure, employment and asset holdings to explain body mass. As noted earlier, however, there is a big body of literature that uses body mass to explain earnings. This raises at least the possiblity that body mass is endogenous in these regressions. There are some reasons why we suspect that this is not likely to be a big problem in South Africa. Firstly, the US literature that has examined this issue has generally found that high body mass individuals receive lower wages or are less likely to be employed. Our findings that it is the employed that have higher body mass (at least among Black South Africans) goes in the opposite direction. Secondly, the US literature has suggested that the penalty for high body weight is less among Black American women. This group is more likely to provide relevant comparisons for Black South Africans.
There is, however, some evidence within the South African data sets that there may be some link back from extreme body weight to employment. There are a number of body weight readings in the DHS which are truly enormous. Some of these may be data errors. However, if the BMI data is winsorized at 95% it turns out that the employment coefficient in the regression corresponding to column 4 in Table 10 increases from 0.217 to 0.29, without any of the other coefficients shifting markedly. This suggests that there is some threshold above which high BMI individuals (in this case mainly women) are restricted from doing normal work. This feedback effect serves to reduce the estimated relationship between employment and body mass.
Conclusions
The increase in body mass among poor people is being seen increasingly as an important public health issue. The purpose of this paper has been to explore some correlates of high body mass among South Africans. We have shown that among Black South Africans a higher weight is often a mark of higher societal success. This effect may partially work through the accumulation of assets that reduce the need for physical exertion, but it is also seems to be associated with a desire to be bigger. This desire seems to be particularly marked among Black women. White women, by contrast, seem to associate success with reductions in body weight. Relationship between BMI and Assets by Race and Gender Standard errors in parentheses + significant at 10%; * significant at 5%; ** significant at 1% Standard errors in the LW regression have not been corrected for the two-step nature of the estimation procudure 0.265 Standard errors in parentheses + significant at 10%; * significant at 5%; ** significant at 1% Standard errors in the LW regression have not been corrected for the two-step nature of the estimation procudure 0.000 Standard errors in parentheses + significant at 10%; * significant at 5%; ** significant at 1% Standard errors in the LW regression have not been corrected for the two-step nature of the estimation procedure 0.000 Standard errors in parentheses + significant at 10%; * significant at 5%; ** significant at 1% Standard errors in the LW regression have not been corrected for the two-step nature of the estimation procedure 0.000 0.000 0.000 Robust standard errors in parentheses (corrected for clustering) + significant at 10%; * significant at 5%; ** significant at 1% Standard errors in the LW regressions have not been corrected for the two-step nature of the estimation procedure 0.000 0.000 0.000 0.000 Robust standard errors in parentheses (corrected for clustering) + significant at 10%; * significant at 5%; ** significant at 1% Standard errors in the LW regressions have not been corrected for the two-step nature of the estimation procedure.
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